Introduction: About one quarter of human immunodeficiency virus (HIV) infected persons in Serbia have also been found to be hepatitis C virus (HCV) co-infected. In the general population, HCV genotype 1 has been shown to be the most prevalent one. Here, we present the first study on the distribution of HCV genotypes among HIV/HCV co-infected patients in Serbia, in relation to epidemiological and clinical features. Material and methods: The study included HIV/HCV co-infected and a group of HCV mono-infected patients in the period 1998-2012, with collection of epidemiological, clinical, and behavioral data using a standardized questionnaire. The HCV genotyping to the level of pure genotype was performed by reverse hybridization. Results: Intravenous drug use (IDU) was found to be significantly more prevalent among the co-infected patients (p < 0.01). HCV genotype 1 was detected in 87% of patients with mono-infection, compared to 46.3% of patients with co-infection (p < 0.01); genotypes 3 and 4 were significantly more common among co-infected patients (6% and 5%, vs. 27% and 25%, respectively). Multivariate logistic regression confirmed IDU, infection with non-1 HCV genotype and HCV viral load over 5 log to be predictors of HIV co-infection. Conclusions: The HCV genotypes 3 and 4 were found to be significantly more prevalent among HIV/HCV co-infected patients in Serbia, compared to HCV mono-infected patients, but also more prevalent compared to the European HIV/HCV co-infected cohort. History of IDU represents an independent predictor of HCV genotypes 3 and 4 infection, with important implications for treatment.
Introduction
With an estimated number of people seropositive for hepatitis C virus (HCV) worldwide approaching 200 million, HCV and its associated liver disease (cirrhosis, end stage liver disease, hepatocellular carcinoma) are among the leading causes of morbidity and mortality globally [1] . Human immunodeficiency virus (HIV) and HCV share the same transmission routes -they are both transmitted via parenteral, sexual, and vertical exposure, although with different transmission efficiencies. The reported prevalence of HIV/HCV co infection varies significantly among studies, ranging from 4% up to 90%, depending on the geographical region and studied population [2] . Both HIV and HCV are characterized by substantial genetic variability, resulting in the existence of multiple viral genotypes, subtypes and variants. According to the most recent nomenclature proposal, HCV is classified into 7 genotypes, further subdivided into epidemiologically diverse subtypes [3] . Genotype distribution varies widely, both geographically and related to different transmission categories, and has a major impact on HCV infection therapy [4] .
Serbia is a South East European country, situated on the Balkan Peninsula, with a population of about 7 million. According to World Bank data, Serbia is ranked as an upper middle income country; however, for decades already it has been passing through a dramatic period of economic transition as well as political and social changes, potentially facilitating spread of infectious diseases associated with intravenous drug use (IDU) and sexual transmission. The HIV epidemic in Serbia has been present for almost three decades and was first introduced among IDUs [5] . According to the latest epidemiological data, among newly diagnosed HIV infections in 2014, the proportion of IDUs has decreased to around 4%, while the infection rate among men who have sex with men (MSM) has increased, becoming the most prevalent transmission route among newly diagnosed infections in Serbia, with around 60% (http:// www.batut.org.rs/index.php?content=1095). The HIV infection cases are not evenly distributed throughout the country, with the majority of cases reported in the capital Belgrade metropolitan area.
In Serbia, about one quarter of HIV-infected persons (24.3%) have also been found to be HCV co-infected [6] . Existing data on the prevalence of diverse HCV genotypes in the general population in Serbia depict genotype 1 as the most prevalent one [7] . So far, no data are available regarding HCV genotype distribution among HIV/HCV co-infected patients. In order to gain insight into the epidemiology, molecular characteristics and risk factors for HCV infection in the HIV-infected population in Serbia, we performed a study examining the distribution of prevalent HCV genotypes among HIV/ HCV co-infected patients in Serbia and comparing it to the one in HCV mono-infected patients, in relation to various epidemiological and clinical features.
Material and methods
The study prospectively included consenting HIV/HCV co-infected and a group of HCV monoinfected patients followed at the Infectious and Tropical Diseases University Hospital in Belgrade, according to the following inclusion criteria: ELISA determined and western blot confirmed seropositive status for HCV mono-infection or HIV/HCV co-infection and adult age. The study included patients in the period 1998-2012. Epidemiological, clinical, and behavioral data were collected using a standardized questionnaire. Transmission risk was defined as IDU, sexual contact, history of transfusion of blood/blood products, vertical and other. The study was conducted under the approval of the Ethical Committee of the Clinical Center of Serbia.
HIV infection was diagnosed using the Enzygnost HIV Integral II test (Siemens Healthcare Diagnostics, Marburg, Germany) and confirmed by the NEW LAV-BLOT II western blot test (BIO-RAD, Marnes La Coquette, France). HIV viral load was measured using the Cobas TaqMan HIV Test (Roche Molecular Systems, Branchburg, NJ, USA). HCV infection was diagnosed by antibody detection using Monolisa Anti-HCV PLUS Version 2 (BIO-RAD, Marnes La Coquette, France).
For patients followed in the period 2010-2012, HCV RNA and genotyping was performed using commercial tests. HCV viral load was measured by the COBAS TaqMan HCV Test (Roche Molecular Systems, Branchburg, NJ, USA). A viral load above 100 IU/ml was needed for further HCV genotyping, which was performed by reverse hybridization, using the LINEAR ARRAY Hepatitis C Virus Genotyping Test (Roche Molecular Systems, Branchburg, NJ, USA).
For HCV/HIV co-infected patients, HIV disease was classified in stages A-C according to the 1993 Centers for Disease Control case definition criteria [8] . Aspiration liver biopsy was performed in order to assess severity of fibrosis and necroinflammatory activity, using the Ishak modification of the hepatic activity index. In some patients, liver biopsy was not performed due to liver failure, presence of hemangiomas or other reasons (e.g. patients' reluctance to undergo the procedure). The diagnosis of cirrhosis was established using histological or a combination of clinical, endoscopic and laboratory findings.
Statistical analysis
Obtained results were processed using standard statistical analysis. All analyses were performed using an electronic database organized in the SPSS (version 11.5) statistical package. Categorical data were compared using the c 2 test and 
Results
The study included 214 HIV/HCV co-infected and 193 HCV mono-infected patients who fulfilled the inclusion criteria. Co-infected patients presented in different stages of HIV disease: 29/214 patients were CDC A (13.6%), 72/214 patients were in stage B (33.6%), whereas 113/214 patients presented with CDC C (52.8%). General characteristics of studied patients are presented in Table I . Patients were mostly male (58.0%), which did not differ between the two subgroups, while those co-infected were significantly younger. The prevalence of transmission risk was found to be substantially different in the group of HIV/ HCV co-infected patients, compared to the monoinfected ones. The majority of co-infected patients (151/214, 70.5%) were IDUs, compared to 37/193 (19.1%) HCV mono-infected patients (p < 0.01); sexual transmission was reported by 2.5% of mono-infected, compared to 22.8% of co-infected patients (p < 0.01) (Figure 1 ).
For 229 patients followed in the period 2010-2012, HCV RNA and genotyping was performed. HCV genotype distribution was found to be significantly different between the two groups: genotype 1 was detected in 87% of patient with monoinfection, compared to 46.3% of patients with coinfection (p < 0.01); non-1 genotypes, namely genotypes 3 and 4, were significantly more common among co-infected patients (6% and 5%, vs. 27% and 25%, respectively) ( Figure 2 ). Non-1 HCV genotypes were more commonly found among IDUs compared to other transmission risks, regardless of the HIV status (p = 0.03). HCV plasma viral load was significantly higher in co-infected patients (6.0 ±1.2, vs. 4.4 ±1.7 log 10 IU/l, p = 0.01) (Figure 3 ). However, viral load did not differ significantly across different genotypes, regardless of HIV co-infection. In addition, end stage liver disease (liver cirrhosis) was not related to certain genotypes, and surprisingly was even more prevalent among mono-infected subjects. Cirrhotic patients from the mono-infected subgroup were signifi- cantly older than those co-infected with liver cirrhosis (48.7 ±12.3 vs. 38.5 ±7.2, p = 0.01). Logistic regression analyses revealed that in the whole cohort of HCV infected patients, certain HCV genotypes were not associated with a higher incidence of liver cirrhosis, while age above 40 was an independent predictor of ESLD (OR = 2.7, 95% CI: 1.7-4.5, p = 0.01). Univariate logistic regression identified IDU, age under 40, infection with non-1 HCV genotype and HCV viral load over 5 log to be associated with HIV co-infection, whereas multivariate logistic regression confirmed IDU, infection with non-1 HCV genotype and HCV viral load over 5 log to be predictors of HIV co-infection. Univariate logistic regression showed that age below 40, i.v. drug use and HIV co-infection were associated with genotypes 3 and 4, while multivariate logistic regression revealed i.v. drug use to be an independent predictor of acquiring genotype 3 or 4.
Discussion
Here, we present the first comprehensive study of the HCV genotype distribution among HIV/HCV co-infected patients in Serbia.
HCV-associated liver disease has been proven as a major cause of morbidity and mortality worldwide, affecting an estimated 2-3% of the world's population, and particularly HIV-infected persons [9, 10] . Available data indicate that HCV seroprevalence varies considerably worldwide, with country-specific prevalence ranging from < 1% to > 10% [10] . In Europe, high diversity in prevalence of HCV infection in the general population has been described, ranging from 0.4% to 22%, with higher rates in southern and central-eastern countries [11] . Low prevalence (≤ 0.5%) has been described in Belgium, Germany, Netherlands, Sweden, and the UK, intermediate prevalence (0.5-2%) in Bulgaria, France, Hungary, and Romania, whereas high prevalence (≥ 2%) has been found in parts of Italy [11] . Still, data on general population prevalence are lacking or incomplete for many countries and regions of the world. According to the Serbian Public Health Institute, the registered annual incidence of chronic HCV infection in Serbia was in the range of 5.86-7.32 per 100 000, for the period 2008-2012 [12] . However, the actual prevalence of HCV infection and the true burden of disease are not known -a recent global survey has esti- 95% CI VLOAD mated regional seroprevalence for Central Europe to be 2.4% (2.0-2.8), which can be classified as "moderate" [1] . Regarding HIV infection, Serbia ranks among countries with low prevalence (less that 0.1%), with the incidence rate of HIV-1 infection of 17 per million in 2012 [13] . The HIV/HCV co-infection is known to induce important liver-related morbidity and mortality. Even in the highly active antiretroviral era, HIV co-infection remains independently associated with advanced liver fibrosis and cirrhosis in patients with chronic HCV infection [14] . In our cohort of HCV-infected patients, the prevalence of HCV-related end-stage liver disease (ESLD, namely, liver cirrhosis) was even higher among the HCV mono-infected ones, probably because these patients were significantly older than those concurrently-infected with HIV. However, HCV mono-infected patients with liver cirrhosis were significantly older than those with liver cirrhosis and HCV/HIV co-infection, suggesting more rapid development of cirrhosis among co-infected patients. The HIV coinfection has been shown to adversely affect the natural history of HCV disease, increasing the risk of decompensated liver disease or histological cirrhosis in co-infected patients, compared to patients with HCV infection alone [15] . Accelerated progression of hepatic fibrosis has been linked to enhanced HCV replication, presumably due to HIV-related immunosuppression [16] . Higher HCV viral load has been described in our cohort, as one of the potential contributors to enhanced liver fibrosis. Molecular mechanisms of accelerated hepatic fibrosis among HIV/HCV co-infected individuals have been attributed to direct viral effects, immune/cytokine dysregulation, altered levels of matrix metalloproteinases and fibrosis biomarkers, increased oxidative stress and hepatocyte apoptosis, HIV-associated gut depletion of CD4 cells, and microbial translocation [17] . Recently, HCV-related cirrhosis was found to be associated with the level of immune activation and elevated serum concentrations of monocyte-derived markers [18] .
A study concerning a Belgrade cohort of Serbian patients evaluated and treated between January 1998 and December 2007 at the HIV/AIDS Centre of the Infectious and Tropical Diseases University Hospital in Belgrade identified HCV co-infection in 24.3% [6] . It has been shown that the prevalence of HIV/HCV co-infection is directly influenced by transmission risk factors of the population under study. Parenteral transmission through intravenous drug use, history of multiple transfusions or blood product exposures have been described as the most important risk factors for HIV/HCV co-infection [19] . In HIV-positive patients with a history of IDU, the rate of HCV infection is reported to be 82% to 93%. Conversely, the rate of co-infection among HIV-infected patients with a sexual risk factor is much lower, less than 10%, related to the relatively low HCV transmission rate via sexual exposure [19] . In our study, the prevalence of transmission risk was found to be substantially different between the HCV mono-infected and HIV co-infected patients. Accidental parenteral exposure to blood, along with contaminated blood and/or blood product transfusions were the most prevalent ways of transmission among HCV mono-infected patients, while in the subgroup of HCV/HIV co-infected subjects parenteral exposure to contaminated needles, among IDUs, and sexual acquisition of the infection were more common. In our study, IDUs were significantly younger than all other HCV-infected patients, which mostly contributed to the mean age of HIV co-infected patients being significantly lower than among monoinfected patients.
Besides the shared transmission routes, both HIV and HCV are rapidly evolving RNA viruses, presenting substantial intra-and inter-host genetic variability. Six well-established HCV genotypes described so far and the newly described genotype 7 are found, with differing prevalence worldwide [20] . Several HCV subtypes of genotypes 1, 2 and 3 are globally distributed, and hence termed epidemic, whereas others, the endemic ones, are much more restricted to particular geographic regions [21] . Genotypes 1a and 1b are the most prevalent in western countries, with genotype 1b being the most common in Europe and genotype 1a in the United States [20] . Genotype 2 and its subtypes predominate in western Africa. Genotype 3a is the second most common genotype in Europe after genotype 1. Genotype 4 is found in Central Africa, the Mediterranean region and the Middle East [22] [23] [24] [25] . Subtype 5a seems to have originated in South Africa but is also present in Europe, whereas genotype 6 is common in Southeast Asia [22-24, 26, 27] . In Serbia, previous studies have found HCV genotype 1 to be the most prevalent one in the general population, accounting for 57.9% of chronic infections, followed by subtypes 3, 4 and 2, found in 23.2%, 6.7% and 3.7% of patients, respectively [7] .
The HCV genotype distribution has been found to reflect the route of transmission: genotype 1b has been found associated with post-transfusion HCV infections, whereas HCV subtypes 1a and 3 have been repeatedly associated with IDU, in different regions of the world [28, 29] . Several studies have described higher prevalence of HCV genotype 6 among HCV patients with a history of IDU, specifically in some regions of China [30, 31] . The HCV genotypes have not been found to differ with regard to disease severity, but they still affect treatment duration and response, even with new direct-acting antivirals (DAA) [25] .
In our study, the HCV genotype distribution found among HIV/HCV co-infected patients in Serbia was substantially different compared to HCV mono-infected patients, with much higher prevalence of non-1 genotypes. In particular, genotypes 3 and 4 were found to be significantly more prevalent in co-infected patients. In Serbia, the duration of the HIV epidemic is similar to the one in Western European countries, with the first cases registered in 1985. The HIV epidemic in Serbia was first recognized among IDUs, and this transmission route was the most prevalent one over the coming years. By the end of the 1990s, intravenous drug use was still the most prevalent risk factor among cumulative HIV/AIDS cases, around 48.9%, followed by sexual transmission, 33% [32] . However, according to the latest epidemiological data, men who have sex with men (MSM) have become the most prevalent transmission route among newly diagnosed infections in Serbia [33, 34] . The difference we found in genotype 3 distribution reflects higher prevalence of IDUs among the co-infected. Similar to other regions of the world [28, 29] , in Serbia, HCV subtype 3a has been found to be associated with IDU transmission, whereas a study comparing HCV genotype distribution in chronically HCV infected patients with and without a history of IDU found significantly higher prevalence of genotypes 3 and 2 and lower prevalence of genotypes 1 and 4 in the former group [7, 31] . Notably, we found a quarter of co-infected patients (25.3%) to harbor HCV subtype 4, compared to less than 5% in the mono-infected group. Genotype 4 is known to have originated in Central Africa, but is increasingly present in Southern Europe and in the Mediterranean region (France, Spain, Greece and Italy) [21, 28, 35] . It has been described in co-infected patients previously, although in a lower percentage than in our study (ranging from 0.8% to 20%) [36, 37] . Recently, an increase in genotype 4 prevalence has been described in England [38] , mostly associated with countries with endemic presence of this subtype. Detection of HCV genotype 4 infection in the European cohort of HIV/HCV co-infected patients in the last decade has been attributed to the wider use of HCV therapy and also linked to immigrants from endemic countries [39] . Neither of these reasons plays an important role in the Serbian HIV/HCV co-infected cohort, whereas we found that high local prevalence of HCV genotype 4 is related to i.v. drug use as a risk for HCV infection. The transmission dynamics of HCV have been shown to vary by subtype and to be highly influenced by a combination of age, risk exposure and underlying social network [40] . Hence social factors, rather than biological features of different genotypes, may play a key role in shaping the rate and pattern of HCV spread.
Similar to other commercially available HCV genotyping methods, the one used in our study, reverse hybridization, is used to characterize the tested HCV genome at the level of pure genotype. Reverse hybridization is considered very reliable, with the reported percentage of genotyping failure using this method being less than 5% [40, 41] . However, we obtained no insight into HCV subgenotype distribution in the studied population (e.g. 4a vs. 4b), which could be considered a possible limitation to our study.
In conclusion, HCV genotype distribution among HIV/HCV co-infected patients in Serbia is substantially different compared to HCV mono-infected patients, with much higher prevalence of genotypes 3 and 4. The proportion of HCV genotype 4 infection is also considerably higher compared to the European HIV/HCV co-infected cohort. We found that this difference is linked to higher prevalence of IDU among the co-infected in Serbia. However, the association of particular HCV genotypes with specific routes of transmission and with HIV co-infection warrants further investigation. Detailed understanding of HCV genotypes' prevalence and distribution is essential for an effective targeted treatment and prevention approach.
